We investigated the mechanisms underlying sandwich priming, a procedure in which a brief preprime target presentation precedes the conventional mask-prime-target sequence, used to study orthographic similarity. Lupker and Davis (2009) showed the sandwich paradigm enhances orthographic priming effects: With primes moderately related to targets, sandwich priming produced significant facilitation, but conventional priming did not. They argued that unlike conventional priming, sandwich priming is not susceptible to an uncontrolled counteractive inhibitory process, lexical competition, that cancels out moderate facilitation effects. They suggest lexical competition is eliminated by preactivating the target's representation, privileging the target over similar lexical units (competitors). As such, it better measures orthographic relatedness between primes and targets, a key purpose of many priming studies. We tested whether elimination of lexical competition could indeed account for the observed orthographic priming boost with sandwich priming. In three lexical decision experiments and accompanying simulations with a competitive network model, we compared priming effects in three preprime procedures: no preprime (conventional), identity (target) preprime (sandwich), and competitor preprime (included to exacerbate lexical competition). The related prime conditions consisted of replaced-letters, shared neighbor (oneletter-different from both competitor preprime and target), and transposed-all-letter nonword primes. Contrary to the model's predictions, the competitor preprime did not attenuate (Experiment 1) or even reverse the priming effect (Experiment 2). Moreover, the competitor enabled facilitatory priming that was absent with no preprime (Experiment 3). These data suggested that the sandwich orthographic boost could not be attributed to reduced lexical competition but rather to prelexical processes in word recognition.
Effective reading requires the identification by the reader of the words intended by the writer, in a manner that is invariant or tolerant to sources of variation and distortion related to typeface, size, viewing conditions, perceptual noise, or writer error. It therefore seems reasonable that a variety of candidate matches to a stimulus should be considered or activated, and such a selection of candidates has been proposed from some of the earliest models (e.g., Rubenstein, Garfield, & Millikan, 1970) of lexical access. How candidates are considered and selected is thus central to reading, and several aspects of this process have been subject to recent computational and mathematical modeling efforts (e.g., Adelman, 2011; Davis, 2010; Norris & Kinoshita, 2012) .
A core range of evidence for evaluating the proposed processes comes from the masked form priming paradigm developed by Forster and Davis (1984) and first used in the context of lexical selection by Forster, Davis, Schoknecht, and Carter (1987) . The ongoing task for the participant is lexical decision on clearly visible letter string targets in capital letters, but each target is preceded by a mask (usually of # symbols) and a prime letter string presented in lower case for a duration that is typically between 15 ms and 70 ms. One major advantage of this procedure is that due to this brief prime duration, primes are usually not perceived consciously and do not allow for development of strategic responses from the participants. An example sequence of stimuli is thus ########-tible-TABLE. Baseline performance is established on unrelated trials where the prime shares no letters with the target. This can be compared with cases in which the prime shares many features in common with the target, and response times (RTs) are typically reduced when prime and target are similar, a response time (RT) priming effect. Different manipulations of the letters of the target to produce the prime (prime types) differ in their similarity to the target, and their ability to prime the target, apparently in a graded fashion (see Adelman et al., 2014) , suggesting that candidates cannot be simply categorically divided into consistent or inconsistent.
A major result established with the masked priming paradigm, for example, is that the presentation of a nonword prime, constructed by replacing one of the target's letters, such as tible, produces significantly faster response times in comparison to the unrelated baseline (e.g., Adelman et al., 2014; Forster et al., 1987) . This effect is decreased and not always significant when two of the letters are replaced (Lupker & Davis, 2009; Perea & Lupker, 2004) . Another finding, demonstrated with the masked-priming methodology reflects the letter position tolerance, rather than letter identity tolerance, of the perceptual system. Perea and Lupker (2003) demonstrated that a prime in which two adjacent letters were transposed (jugde from target JUDGE) effected shorter response times than one in which the same letter positions contain two replaced letters as in jupte-JUDGE. This finding has been extended to nonadjacent letter transpositions (e.g., caniso-CASINO; Lupker, Perea, & Davis, 2008; Perea & Lupker, 2004) . Guerrera and Forster (2008) tested the limits of the letter position tolerance of the visual word recognition system and showed that a priming effect was still observed with primes constructed by adjacent transposition of all the letters in a word except for the external ones (dsiocnut-DISCOUNT). However, the priming was no longer significant when the primes were constructed by even more extreme transpositions, such as transposing all the adjacent letters in a word (T-all or transposed-all letter primes; e.g., avacitno-VACATION).
The magnitude of the effects produced by form-related masked primes have been interpreted as the degree to which the orthographic codes of the prime and the target match. Thus, results produced with the masked priming paradigm have served as a reference point for evaluating models' predictions regarding the similarity between two strings. One major distinction among theories is how they account for these graded patterns. Adelman (2011) suggests that considered candidates are gradually activated, and candidates are eliminated from receiving further activation as inconsistent features of the stimulus are stochastically perceived. Norris and Kinoshita (2012) posit an explicit Bayesian calculation of the likelihood of percepts (the stimulus perceived with noise) given assumptions about the distributions of words and pseudowords. Approaches based on the interactive-activation model (McClelland & Rumelhart, 1981) suggest that the net input to a word unit weighs positive excitatory and negative inhibitory bottom-up influences in a way that is often summarized as a match score. 1 Whether within the interactive-activation framework or not, the predictions and match scores of orthographic encoding models have been compared with empirical results produced with the masked priming methodology that thus served as a validator for the models' credibility.
Although the magnitude of form priming is usually interpreted as the extent to which processing during encoding of the prime and the target overlaps, and an approximate string distance is implied, a limit has been shown in the extent to which a masked form priming effect was obtained: As Lupker and Davis (2009) have emphasized, the priming effect is no longer present when a prime includes more extreme deviations from the target. This introduces a limit of the orthographic priming continuum that is not necessarily present in models' predictions and to an extent is also not consistent with commonsense logic. If the effect of a prime produced by a single transposition of adjacent letters from the target is very similar to that from a prime that is identical (except for case) to the target, it is perhaps, then, surprising that a prime with four such transpositions in an eight-letter target produces no significant priming (Guerrera & Forster, 2008) ; if copmuter is barely different from COMPUTER, why is ocpmture not still quite similar?
And indeed, Lupker and Davis (2009) reported high match scores between transposed all-letter primes and their base words from the relative open-bigram model (Grainger & van Heuven, 2003) , the SERIOL model (Whitney, 2001 ) and previous versions of Davis's spatial coding model (Davis, 1999) , suggesting that all those predicted facilitation priming effects, which were not significant in the masked-priming studies of Guerrera and Forster (2008) and Lupker and Davis (2009) . Likewise, it can be seen as surprising that a prime that matches five out of eight letters of a target produced no priming compared with control (Schoonbaert & Grainger, 2004) given these five matching letters must produce more facilitation than no matching letters, and the three mismatching letters must produce less inhibition than eight mismatching letters. Lupker and Davis (2009) argued that primes that are moderately related to targets, such as transposed all-letter primes and primes containing replacement of more than two letters, were not able to produce facilitation effects not due to the insufficient orthographic similarity between them and the targets, but due to inhibitory processes that could cancel out facilitation. The process they have claimed to be responsible is lexical competition, that is, lateral inhibition among word units. Such an inhibitory process is consistent with evidence that word primes that are orthographic neighbors (words of equal length that differ by only one letter in the same position, such as take-cake or take-tape; Coltheart, Davelaar, Jonasson, & Besner, 1977) of targets can produce inhibitory rather than facilitatory priming (e.g., Davis & Lupker, 2006) , that words with orthographic neighbors are typically less primeable (e.g., Forster et al., 1987) , and that primes that are neighbors of targets are less effective if prime and target share other common neighbors ("shared neighbors;" Van Heuven, Dijkstra, Grainger, & Schriefers, 2001 ). An example of a shared-neighbor for the primetarget relationship azound-ABOUND is the word around, which is a neighbor of both the prime and the target. Davis (2003) argues that nonword primes, such as azound are less effective as they not only preactivate the representation of the target due to form similarity, but also representations of the target's neighbor, thus introducing competition on the word level that results in suppression of the target's activation and attenuation of the priming effect.
In the same competitive network framework, Lupker and Davis (2009) suggested that primes moderately close to the target were likely to resemble and generate more activation to representations of other lexical units, which once activated would inhibit the target and could cancel out possible facilitation effects which would therefore remain unobserved. In such a lexical competition account, while the prime avacitno (in avacitno-VACATION) is reasonably similar to the target VACATION, it is more similar to the task-irrelevant word AVIATION. The closer neighbor AVIATION becomes more activated than VACATION, and thus inhibits the word node for VACATION, eliminating any possible priming for that target. Lupker and Davis (2009) thus suggested that if lexical competition effects were filtered out, primes moderately related to targets would be able to produce facilitation.
The conventional masked priming paradigm, according to Lupker and Davis (2009) , is thus susceptible to counteractive inhibi-tory processes and therefore is not an appropriate procedure to directly evaluate orthographic encoding schemes. Thus, they explained the absence of these expected facilitatory priming effects by seeking limitations in the methodology that had been used. They sought to design a paradigm that would allow for evaluation of the matches of stimuli that are more distant from the target, by eliminating or reducing lexical competition effects on the target. One route to achieving this requires preventing the activation of nontarget words. Lupker and Davis (2009) sought to do so by taking advantage of lexical competition by preactivating the target, by presenting it for a short duration. The preactivated target then itself inhibits potential competitors and so is not subject to inhibition itself. That is, a possible stimulus sequence is ######## -VACATION-avacitno-VACATION, which was termed a sandwich prime because the prime is sandwiched between two presentations of the target. Simulations of an otherwise unpublished hybrid of spatial coding and interactive-activation models gave the prediction that AVIATION would no longer become active, and in the absence of such lexical competition, the target activation of VACATION at the end of the prime stimulus was not at floor. Instead, the target activation was driven by the match score of prime and target so that priming was now predicted for the transposed all-letters prime relative to control. Lupker and Davis (2009) confirmed this prediction empirically in their first experiment: In the sandwich priming paradigm, the transposed all-letters prime produced shorter response times than an unrelated (sandwiched) prime; in contrast, the nonsandwiched version showed no priming relative to the nonsandwich control. In their second experiment, they extended the finding to the case of primes with several replaced letters, with a parametric manipulation of number of replaced letters from one through five in a seven-letter target. In the standard nonsandwiched case, priming was shown only for one-and two-letter-different primes. In the sandwiched case, priming was greater for one-through threeletter-different primes, so that priming for the three-letter-different case was significant. These data patterns were indeed consistent with Lupker and Davis's (2009) lexical inhibition account. The authors interpreted the results as evidence that the sandwich priming procedure successfully eliminated lexical competition effects and as such it overcame certain limitations of the original masked priming and was a better tool for evaluating orthographic input coding models. For these reasons, the sandwich priming procedure has already been employed in several studies researching orthographic processes so far (e.g., Ktori, Grainger, Dufau, & Holcomb, 2012; Ktori, Kingma, Hannagan, Holcomb, & Grainger, 2014; Lupker, Zhang, Perry, & Davis, 2015) .
The present study aimed to test Lupker and Davis's (2009) interpretation that the enhanced form priming effects produced with the sandwich priming paradigm were due to the elimination of lexical competition processes. Although the explanation of Lupker and Davis (2009) is consistent with their data, other processes might instead be responsible for the obtained results. A possible alternative explanation is that the results were driven by lower-level bottom-up processes that do not reflect lexical stages and lexical competition in particular. As there is an additional brief presentation of a prime, extra complexity is added in the sandwich priming procedure and the mechanisms that underlie the processing of two masked primes are not entirely transparent. The additional initial letter string-the preprime-is another brief visual event that provides additional processing information and its presentation prolongs the time until the presentation of the target. It is not exactly clear what the interaction is between the prime and preprime and whether the same mechanisms are involved and just multiplied by two in a sequential presentation of two brief primes and in a presentation of a single brief prime, immediately followed by the target.
As we consider the data provided by Lupker and Davis (2009) to be inconclusive for the determination of the nature of the responsible processes, we designed several experiments that aimed to provide further evidence of whether the enhanced form priming effects were caused by the modulation of lexical competition mechanisms or not. The way we chose to do that was by following the interactive-activation framework and retaining lexical competition by presenting lexical competitor of the target as a preprime, rather than an identical stimulus. If primes can be ineffective due to the role of lexical inhibition-and preprimes can modulate lexical inhibition-as Lupker and Davis (2009) propose, then preactivating a competitive alternative should exacerbate inhibition, which should if anything further attenuate priming effects. In contrast, if a presentation of a stimulus that resembles both the related prime and the target does not produce any particular reduction in the strength of priming or indeed increases it, this would provide some evidence that the results obtained with a sandwich priming were not caused by reduction of lexical competition effects, but rather by some other mechanism, such as prelexical bottom-up processes.
The present work consists of three experiments in total, as well as corresponding simulations of these experiments. The simulations were run with the spatial coding model (Davis, 2010) . This model represents a more recent version of the competitive network system, used for the simulations in the study of Lupker and Davis (2009) . The model is based on the interactive-activation model (McClelland & Rumelhart, 1981) , but has a different implemented encoding scheme. In the interactive-activation's slot-based encoding scheme, two letters with the same letter identity are treated as different letters if they are in different positions and therefore jugde is as similar to judge as is jupte. The spatial coding model, however, could account for transposed-letter effects with its two-dimensional spatial coding scheme, in which letter position and identities are encoded as spatial patterns of values.
The computational modeling methodology could provide an insight as to how the lexical inhibition elimination account of sandwich priming, suggested by Lupker and Davis (2009) , fits the specific prediction of the model, regarding the effect of a competitor preprime, based on the properties of the stimuli, such as frequencies and orthographic neighborhoods of the preprimes, primes, and targets. The model's predictions and the lexical inhibition account of the sandwich priming effects could then be evaluated by a comparison with the observed empirical data.
The nature of the sandwich priming effects was explored in the context of Lupker and Davis's (2009) Experiment 2 stimuli with replaced-letter primes (Experiment 1), and new stimuli with shared-neighbor primes (Experiment 2) and transposed-all letter primes (Experiment 3). This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Experiment 1
Our initial examination of the question was based on the stimuli used in Lupker and Davis's (2009) Experiment 2 to maintain continuity with the original work.
Method
Participants. Ninety students or members of staff from the University of Warwick took part in the experiment. All reported English as their native language. They either received course credit or were paid £3 for their participation.
Design. Three preprime types (none, identity, competitor), that generated three different procedures-conventional masked priming, sandwich masked priming and competitor-modifiedsandwich masked priming-were crossed with six prime types (1-, 2-, 3-, 4-, and 5-letters different, and all-letter different control) within-subjects. Counterbalancing was performed by first dividing the items into three equal different preprime type trials for words and nonwords, respectively. These comprised of 20 trials per preprime type per target type (each set taken consecutively from the stimulus list of the original paper). The preprime conditions were then counterbalanced in three lists. Each of these lists was transformed into six different versions for the counterbalancing of the prime type conditions. In these lists, the six levels of the prime type were cycled (one-by-one in the order of targets in the original stimulus list). The levels of the two factors appeared equal times in each of the lists. Each of the 18 resulting conditions appeared either three or four times in a list for each target type, but the total frequency of the conditions was equalized over all the counterbalancing lists, as every combination of preprime type, prime type, and target item appeared exactly once across the 18 lists. All trials were newly randomly intermixed for each participant. Baayen, Piepenbrock, & van Rijn, 1993; range 20 -145) . The mean SUBTLEX-UK Zipf frequency was 4.45 (range 2.79 -5.2; Van Heuven, Mandera, Keuleers, & Brysbaert, 2014) . The mean neighborhood size (number of orthographic neighbors, Coltheart N; Coltheart et al., 1977) was 0.3 (range 0 -2). These were augmented with the competitor stimulus for each word, which was selected to be the seven-letter word with the least string edit distance (the number or cost of operations to transform one string to another) to the target, using a modified edit distance designed to reflect empirical results from priming 3 (e.g., PROTECT for PROJECT, or HALFWAY for HOLIDAY). The mean CELEX frequency of the competitor words was 9.14 per million (range 0.34 -216.54). The mean SUBTLEX-UK Zipf frequency was 3.13 (range 1.47-5.14). The mean neighborhood size was 0.47 (range 0 -5). Neighborhood size and CELEX frequency properties were obtained with N-Watch (Davis, 2005) . The CELEX frequency of the competitor was higher than the target in only three out of the 60 target-competitor pairs, two of which had also a higher SUBTLEX-UK Zipf frequency. A nonidentical pseudoword was constructed for each foil by altering one letter to act as a competitor preprime for the nonword trials. The preprime for the sandwich priming condition in the nonword trials was the nonword foil. The prime conditions in the nonword trials matched those in the word trials and comprised of primes that differed from the nonword foils by one, two, three, four, five and seven letters. All stimuli for this experiment are listed in Appendix A.
Procedure. Participants were instructed that their task was to identify whether stimuli presented in capital letters were real English words or nonsense words, indicating the former by pressing the yes key (the right shift key labeled as such) or the no key (the left shift key labeled as such). The experimental trials were preceded by 10 practice trials, after which participants were given the opportunity to ask for clarification. On each trial, a ######## mask in 20-point Courier New was presented for 500 ms. When the preprime was identity (the original sandwich priming), the target stimulus was then presented at 7.5-point size for 33 ms. When the preprime was competitor (the new modified-competitor sandwich priming), the competitor was then presented at 7.5-point size for 33 ms. When there was no preprime (conventional masked priming), presentation proceeded immediately from the mask to the prime. The prime was presented for 50 ms at 12.5-point size.
The target was then presented at 20-point size until the participant responded or 2,000 ms had elapsed. Feedback was given after every trial. The paradigms for this and subsequent experiments were approved by the University of Warwick Department of Psychology Research Ethics Committee on its delegated authority for student projects.
Results
Response time. Data analyses were performed with the packages lme4 (Bates, Maechler, Bolker, & Walker, 2015) , car (Fox & Weisberg, 2011) , and phia (De Rosario-Martinez, 2013) as implemented in R version 3.4.1 (R Core Team, 2017) . In this and the subsequent analyses, linear mixed-effects models were initially fitted with their full random structure and were later simplified in the cases in which they failed to converge (Barr, Levy, Scheepers, & Tily, 2013) .
Mean response times and error rates for word trials in Experiment 1 are shown in Table 1 Table 2 . Trials with response times shorter than 150 ms or longer than 1,500 ms were excluded from the latency analyses. A linear mixed-effects model was fitted with preprime type, prime type, and their interaction as fixed factors and by-subject and by-items intercepts and slopes for preprime type as random factors. The results showed a main effect of preprime type, 2 (2) ϭ 8.938, p ϭ .011. The effect was driven by the significant difference between the identity preprime condition and the no-preprime condition, 2 (1) ϭ 8.96, p ϭ .003. Overall, participants were significantly faster when the target foil was presented as a preprime than when there was no preprime.
Accuracy. A generalized linear mixed-effects model with binomial distribution was fitted with prime type, target type and their interaction as fixed factors and by-subjects and by-items intercepts and slopes for preprime type as random factors. The interaction (3) 582 (4) 592 (5) 592 (5) 589 (5) None 555 (3) 562 (2) 565 (2) 577 (3) 583 (4) 579 (2) Figure 1. Priming effect (relative to the relevant all-letter-different control) in Experiment 1 (ms; left) and simulation of Experiment 1 (cycles; right), as a function of preprime type and prime type for word trials. This document is copyrighted by the American Psychological Association or one of its allied publishers.
between preprime type and prime type was significant, 2 (10) ϭ 29.048, p ϭ .001. Post hoc contrasts with Benjamini and Yekutieli (2001) adjustment for the one-letter-different prime type and the all-letter-different prime type as a control showed a significant facilitation only in the identity preprime condition, 2 (1) ϭ 8.91, p ϭ .016. Contrasts between the priming in each two of the preprime conditions showed that the priming in the identity preprime condition differed significantly from the priming in both competitor preprime condition, 2 (1) ϭ 12.264, p ϭ .003, and no-preprime condition, 2 (1) ϭ 5.737, p ϭ .046. As could be observed in Table 2 , however, the pattern of results did not exhibit a consistent structure that could lead to a straightforward interpretation. A difference in priming between the identity preprime and the competitor and no-preprime conditions was also observed in the five-letter-different prime condition, 2 (1) ϭ 9.475, p ϭ .006; 2 (1) ϭ 11.872, p ϭ .003, in which the accuracy of participants in the identity preprime condition increased in comparison with the more related prime conditions.
Simulation of Experiment 1
Method. Each of the simulations in the present work was run on the same word trials stimuli as the ones in the corresponding experiment. The easyNet simulation software (http://adelmanlab .org/easyNet/) was used for all the simulations. A vocabulary of 30,606 words from the CELEX database (Baayen et al., 1993) was loaded in the spatial coding model (Davis, 2010) . The model was tested with its default parameters.
The procedure of the conventional masked priming included a presentation of the prime for 50 cycles, followed by the presentation of the target. The sandwich priming procedures were identical, except for the 33 cycles presentation of the preprime (either the target itself or the "competitor" word orthographically related to the target) before the prime. As the response time in the model was measured from the onset of the first priming event, the value of 50 was subtracted from the response times in the no-preprime trials and the value of 83 was subtracted from the response times in the sandwich priming trials. The resulting value therefore represented the response time from the target onset until the response.
Results. The model recognized correctly all the target stimuli as words. As in the Lupker and Davis (2009) study, we will focus on the pattern predicted by the model, rather than on the results of statistical analyses as the model's response times do not include participant variability and therefore numerically small differences produce statistically significant results. Following Davis's (2010) calibration of parameters, we consider one cycle priming effect to be comparable with 1-ms priming.
As previously, the model predicted a priming boost in the identity preprime (original sandwich priming) condition in which the target was presented before the prime, relative to the nopreprime condition. In the one-, two-, and three-letter different priming conditions, the model predicted a priming effect of 49, 36, and 22 cycles, respectively. In the no-preprime condition, the predicted priming effect for the same priming conditions was 29, 11, and 3 cycles, respectively. Thus, the model fitted the portion of the experiment that was a (within-subject mixed-list) replication well. However, as can be observed in the right panel of Figure 1 , the presentation of a competitor preprime attenuated the priming effect, relative to the no-preprime condition. The predicted priming after the presentation of a competitor preprime was consistently smaller than the priming effect in the no-preprime condition. In the one-, two-, and three-letter different priming conditions, the effect was decreased to the values 16, 2, and Ϫ2 cycles, respectively.
Discussion
The response time results of Experiment 1 demonstrated the expected sandwich priming boost of the orthographic priming effect evident in the significantly larger priming that was observed when the target was presented before as a preprime, than when the original masked priming paradigm was employed. Apart from producing a bigger size of the effect, the presentation of the target before the prime led to a significant priming effect in the threeletter different prime condition that was not observed in the nopreprime condition. These results replicated those reported by Lupker and Davis (2009) and matched the prediction of the spatial coding model. However, contrary to the model's predictions and the hypothesis that a preprime presentation addresses lexical competition effects, the presentation of the competitor preprime did not attenuate the priming effect relative to the one observed in the no-preprime condition. As the priming effect of the one-letter different condition did not differ significantly between the identity and the competitor conditions, but only between the identity and the no-preprime conditions, if anything, there was a trend of the competitor preprime toward producing a slight boost, rather than attenuating the priming effect.
Experiment 1 gave no evidence that lexical competition could eliminate priming when an attempt was made to inject lexical competition with an initial prime that was the closest competitor of the target. However, the absence of inhibitory effect might be attributed to the distance of preprimes to targets, because Lupker and Davis (2009) chose many targets that had no one-letterdifferent neighbors. Therefore, as potential competitors, they might have been ineffective because they were not sufficiently supported by the subsequent presentations of the prime and the target or because only near neighbors have inhibitory links (cf. Davis & Lupker, 2006) . In interactive-activation-based models (McClelland & Rumelhart, 1981) , such as the spatial coding model (Davis, 2010) , nodes representing words very similar to targets, such as target's orthographic neighbors, receive more activation upon target's presentation as more letter nodes consistent with the input receive excitation and feedforward to competitor word nodes. The higher the activity level of a word node, the stronger the inhibitory effects it produces on other word nodes. As the primes in Experiment 1 were constructed by replacing letters from (6) 642 (6) 648 (4) 630 (2) 644 (7) Competitor 652 (6) 648 (4) 650 (5) 638 (5) 648 (5) 653 (3) None 644 (3) 659 (7) 662 (5) 652 (5) 651 (6) 661 (2) This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
targets and targets were in most of the cases more than one-letterdifferent from the competitors, the activity of the competitor word node could have dropped after the presentation of the prime and subsequently of the target, resulting in a weaker influence of the competitor preprimes. Figure 2 confirms this concern and illustrates how the activity of the competitor word node could not be sustained by the prime and dropped with its presentation after the 33th cycle in a trial example from the simulation of Experiment 1. Conversely, as the prime was a target-only neighbor, the activity of the target node rapidly increased with the prime presentation. The time the target needed to reach a recognition threshold was thus not dramatically delayed by the preprime presentation of the competitor. This example indicates that the distance between the competitor and the prime and between the competitor and the target could partially explain the preserved facilitation pattern in the competitor preprime condition in Experiment 1 and the lack of a reversed priming effect in the simulation of Experiment 1. Another reason of the lack of inhibitory effects in the competitor preprime condition might concern the relative frequency of competitors and targets. As Lupker and Davis's (2009) stimuli included high frequency targets, only in 5% of the competitor-target pairs was the competitor a more frequent word than the target. In interactive-activation terms, higher frequency words have higher resting levels and therefore reach positive activation levels sooner, and produce more inhibition to other word nodes. This hypothesis has been supported by evidence from previous studies demonstrating that higher frequency target neighbor word primes produce stronger inhibitory effects than lower frequency ones (Davis & Lupker, 2006; Segui & Grainger, 1990) .
The results of Experiment 1 showed no signs of inhibitory effects produced by the competitor preprime. There is a possibility that these results could be attributed to the properties of the stimuli and the low competitiveness of the competitors. Partially, this interpretation is supported by the results of the simulation, which demonstrated inhibitory influence and attenuated facilitation effect in the competitor preprime condition, yet did not indicate a reversal of the priming effect as a prediction of the model. An important question arises at this moment. If we accept that words closest in form to targets are their strongest competitors, and that the competitors in Experiment 1 are not inhibitory enough, then we should accept that the targets in Experiment 1, with their low neighborhood density properties, high word frequencies, and lack of high frequency neighbors, are not prone to the influence of a strong lexical competition. If this is the case, why would the large priming boost produced with the original sandwich priming paradigm with these stimuli be attributed to a decreased lexical competition? We continue our investigation of the nature of the sandwich priming effects with a selection of new stimuli.
Experiment 2
Experiment 2 addressed the aforementioned concerns regarding the similarity among stimuli by using only stimuli that were one letter different from each other. That is, primes were Coltheart neighbors of targets (e.g., azound-ABOUND) and potential competitors were Coltheart neighbors of both, that is, shared neighbors (e.g., AROUND-azound-ABOUND). Prior research has found that prime-target combinations for which such shared neighbors exist are less effective (Davis & Lupker, 2006; Van Heuven et al., 2001) . Moreover, to enhance the scope for inhibition, the potential competitor was chosen to be of higher frequency than the target (Davis & Lupker, 2006; Segui & Grainger, 1990) . In interactiveactivation framework (McClelland & Rumelhart, 1981) , the highfrequency neighbor competitor should get activated more rapidly than a low frequency word due to its higher resting level and its activation levels should increase dramatically after the presentation of the neighbor prime and the neighbor target, eventually resulting in suppressing the target's activity through inhibitory lateral connections. The expectation is, that if the preprime presentation in a sandwich priming paradigm affects lexical competition, such a strong competitor should reverse or at least decrease the facilitation effect that would be observed with the conventional masked priming paradigm.
Method
Participants. One-hundred-and-eighteen native English speakers took part in this experiment. They were undergraduate students at the University of Warwick and received course credit for their participation. The last four participants were replacements for those with low accuracy scores (correct on less than 75% of the trials), leaving data from 114 for analysis.
Design. The three types of preprime type (identity, competitor, none) were crossed within-subjects with prime relatedness, with the related prime type being shared neighbor. The six conditions were rotated over the targets to produce six counterbalancing lists. All trials were randomly intermixed anew for each participant.
Stimuli. Seventy-eight six-letter words with higher frequency neighbors were chosen as word targets. They had a mean CELEX frequency of 3.69 per million (range 0.56 -15.87), mean SUBTLEX log frequency Zipf 3.18 (range 1.47-4.22) and only one Coltheart neighbor that was used as a competitor preprime. The targets' neighbors had higher frequencies than the targets. Their mean CELEX frequency was 26.751 per million (range 1.01-503.41), mean SUBTLEX log frequency Zipf 3.83 (range 2.11-5.86); mean neighborhood size 2.27 (range 1-9). A shared neighbor pseudo- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
word was constructed for each preprime condition to be the related prime for these stimuli. Seventy-eight further six-letter words were chosen to be the "competitor" preprimes of the nonword foils; nonword foils were constructed by changing one letter of these; and shared neighbor primes were constructed by changing that letter again. Unrelated primes were constructed for each preprime condition by randomly selecting six letters without replacement that were in neither competitor nor target. The nonword foils served as preprimes in the identity preprime condition, nonword trials. All stimuli for this experiment are listed in Appendix B.
Procedure. The procedure was identical to that of Experiment 1.
Results
Response time. Trials in which the response took less than 150 ms or longer than 1,500 ms or was incorrect were excluded from the response time analyses.
5 Mean response times and error rates by condition for word trials are displayed in Table 3 . A linear mixed-effects model was fitted with preprime type, prime type and their interaction as fixed factors. The random effects ultimately included in the model were the by-subject and by-items intercepts and slopes for preprime type and prime type, as well as the by-items slopes for their interaction. 
) ϭ 3.389, p ϭ .183. In general, participants made significantly fewer errors in the nopreprime condition than in the identity preprime, 2 (1) ϭ 5.496, p ϭ .019, and in the competitor preprime conditions, 2 (1) ϭ 6.14, p ϭ .013. They were also significantly more accurate when the prime was related than when it was unrelated, 2 (1) ϭ 7.957, p ϭ .005.
Nonword data. Response time. Mean response times and error rates for nonword trials in Experiment 2 are displayed in Table 4 . Trials with response times shorter than 150 ms or longer than 1,500 ms were excluded from the latency analyses. In addition, items with accuracy less than 60% were not included in the analyses. A linear mixed-effects model was fitted with preprime type, prime type, and their interaction as fixed factors and by-subject and by-items intercepts and slopes for preprime type and prime types as random factors. The results revealed a main effect of preprime type, 2 (2) ϭ 9.037, p ϭ .011. The effect was driven by the significant difference between the identity preprime condition and the condition with no preprime, 2 (1) ϭ 9.012, p ϭ .003. Participants were faster to reject nonword foils when the foils were presented as preprimes than when there were no preprimes. Accuracy. A generalized linear mixed-effects model with binomial distribution was fitted with preprime type, prime type, and their interaction as fixed factors and by-subjects and by-items intercepts and slopes for preprime type, prime type and their interaction as random factors. The results revealed a significant interaction between preprime type and prime type, 2 (2) ϭ 8.891, p ϭ .012. The difference between the unrelated and related prime conditions was significant only when there was no preprime, 2 (1) ϭ 8.655, p ϭ .003. In this preprime condition, participants were significantly more accurate after a related prime, than after an unrelated one.
Simulation of Experiment 2
Experiment 2 was simulated with the same method as for Experiment 1. The model recognized correctly all the target stimuli as words. Mean predicted response times (cycles) are included in Table 3 . The model predicted a small facilitation priming of three cycles in the no-preprime condition, thus underestimating the effect in comparison to the empirical results. This priming effect was enhanced significantly in the identity preprime, in which it was 37 cycles, matching the size of the one observed in the human data. Critically, the model predicted a strong inhibitory effect (Ϫ42 cycles) in the competitor preprime condition.
Discussion
The results from Experiment 2 showed no sign of inhibitory effect as a result of the high frequency neighbor presentation before the prime. There was a significant facilitatory priming effect in the competitor preprime condition that was numerically bigger than the priming effect in the no-preprime condition. These results contrasted the prediction of the spatial coding model of a strong inhibitory effect in the competitor preprime condition and the claim that the preprime presentation addresses counteractive inhibitory effects produced by lexical competition (Lupker & Davis, 2009) . As the prediction of the model in the simulation of Experiment 2 was specific to the stimuli of Experiment 2, it verified the strong competitive environment with these items in the competitor preprime condition, according to the interactiveactivation account.
Experiment 3
In Experiment 3, we sought to extend the results of Experiment 2 to the case of transposed-all primes, which were the other motivating case for the development of sandwich priming. As previous studies have shown no significant priming effect of transposed-all letter primes relative to control when the conventional masked priming paradigm was used (Guerrera & Forster, 2008) and significant facilitation effect with the sandwich priming paradigm (Lupker & Davis's, 2009 , Experiment 1), a comparison 5 In addition, data from the words navels, quotas, usable, rectal, sulked, convex in Experiment 2 and navels and portly in Experiment 3 were excluded from the analyses as the accuracy of those items was less than 60%. This document is copyrighted by the American Psychological Association or one of its allied publishers.
between these two procedures and a competitor sandwich would be informative of the mechanisms triggered by the additional presentation of a preprime. If a significant facilitation effect could be obtained with transposed-all primes and a competitor preprime, that could be considered as evidence that a preprime related to the target acted as an attenuated version of a sandwich prime and did not affect lexical competition processes. If, on the contrary, such a presentation reversed the direction of the effect and led to inhibitory effect on the target recognition, that would provide strong evidence toward a lexical competition account of sandwich priming.
Method
Participants. Sixty-five undergraduate students from the University of Warwick took part in the experiment for course credit. All of them reported English as their native language. Participants who were accurate in less than 75% of the trials (five people) were replaced, so data from 60 were analyzed.
Stimuli. The stimuli were the same as those in Experiment 2, except the shared-neighbor prime was replaced with the transposedall prime (e.g., lbaehc-BLEACH) and the randomly generated unrelated primes were resampled. All stimuli for this experiment are listed in Appendix C.
Procedure. The procedure was the same as Experiments 1 and 2.
Results
Response time. Word trials with incorrect responses and those with response times shorter than 150 ms or longer than 1,500 ms were excluded from the RT analysis. Mean response times and error rates by condition are shown in Table 5 . A linear mixedeffects model was fitted with preprime type, prime type, and their interaction as fixed factors. The full random structure was successfully included in the model. The random effects were the by-subject and by-items intercepts and slopes for preprime type, prime type, and their interaction. The effect of prime type was significant, 2 (1) ϭ 23.759, p Ͻ .001. The interaction between preprime type and prime type was also significant, 2 (2) ϭ 13.042, p ϭ .001. The effect of preprime type was not significant, 2 (2) ϭ 2.731, p ϭ .255. The interaction was driven by the significantly greater facilitatory priming effect produced in the two sandwich conditions in comparison to the one produced in the no-preprime condition. Contrasts between the preprime conditions showed that the difference between the priming in the identity preprime condition and the no-preprime condition was significant, 2 (1) ϭ 4.965, p ϭ .026, as was the difference between the competitor preprime and the no-preprime condition 2 (1) ϭ 12.93, p Ͻ .001. The difference between the identity preprime condition and the competitor preprime condition was not significant, 2 (1) ϭ 1.673, p ϭ .196. Pairwise comparisons between the two priming conditions for each of the preprime conditions showed that the difference between the unrelated and related primes was significant in the identity preprime condition, 2 (1) ϭ 13.272, p Ͻ .001; and in the competitor preprime condition, 2 (1) ϭ 31.201, p Ͻ .001; but not in the no-preprime condition, 2 (1) Ͻ 1. Accuracy. A generalized linear mixed-effects model with binomial distribution was fitted for the word accuracy analyses with preprime type, prime type, and their interaction as fixed factors and by-subjects and by-items intercepts and slopes for preprime type as random factors. The effect of prime type was significant, 2 (1) ϭ 16.89, p Ͻ .001. Participants were significantly more accurate when the prime was related than when it was unrelated.
Nonword data. Response time. Mean response times and error rates for nonword trials in Experiment 3 are displayed in Table 6 . Trials with response times shorter than 150 ms or longer than 1,500 ms were excluded from the latency analyses. In addition, items with accuracy less than 60% were not included in the analyses. A linear mixed-effects model was fitted with preprime type, prime type, and their interaction as fixed factors and by-subject and by-items intercepts and slopes for preprime type, prime types, and their interaction as random factors. The effect of prime type was significant, 2 (1) ϭ 4.097, p ϭ .043. Participants were faster to reject nonword foils when the primes were related, than when the primes were not related.
Accuracy. A generalized linear mixed-effects model with binomial distribution was fitted for the nonword accuracy analyses with the same structure as the one in the nonword latency analyses. The results did not reveal any significant effects. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Simulation of Experiment 3
Experiment 3 was simulated with the same method as for Experiments 1 and 2. The model recognized correctly all the target stimuli as words. Mean predicted response times (cycles) are included in Table 5 . The model predicted a one-cycle facilitation effect in the no-preprime condition, which was enhanced to 14 cycles in the identity preprime condition. Crucially, contrary to the observed results in the competitor preprime condition in Experiment 3, the model predicted a one-cycle inhibitory effect in this condition, rather than a priming boost relative to the no-preprime condition.
Discussion
The results in Experiment 3 showed a significant facilitation priming effect when the preprime was a high frequency neighbor and this effect was not only in the same direction as the identity preprime condition, but also numerically greater. The model's prediction did not match the empirical results as it included a priming boost relative to the conventional masked-priming paradigm only in the identity preprime condition. The evidence again ran in the opposite direction to that predicted by the idea that activation of lexical competitors eliminates or attenuates priming. These results suggested that the advantage of the sandwich priming paradigm over the conventional one could also be obtained by a preprime presentation of a similar to the target word, rather than the target itself and thus, could not be attributed to the elimination of lexical competition effects.
General Discussion
The results from the present study showed that the masked form priming effect was increased not only after a brief preprime presentation of the target itself, but also after a presentation of a word orthographically related to the target. These results contradicted the predictions of the spatial coding model (Davis, 2010) , which predicted an increase of the priming effect only after a presentation of the target and an inhibitory influence of the presentation of a related word. In the interactive-activation framework, the activation of such closely related candidates leads to inhibition of the target word and they are therefore considered to be target's competitors. Our study replicated results of Lupker and Davis (2009) : The presentation of the target before the prime, as in the sandwich priming paradigm, produced priming effects that were not present when the original masked priming paradigm was employed. Crucially, however, we extended their findings and demonstrated that this effect could also be achieved with a preprime presentation of a competitor word. As a presentation of a competitor should increase lexical competition, the results presented here thus contradict Lupker and Davis's (2009) interpretation that the sandwich priming procedure enhances priming by attenuating lexical competition processes. More specifically, the present results provided evidence that the brief presentation of the target as a preprime was not linked to mechanisms of a suppression of targets' competitors. These findings suggested that the sandwich priming methodology could not be considered as a method overcoming the limitations of the conventional masked priming paradigm by eliminating lexical competition effects.
In the present study, we addressed the question of why the primes that failed to produce facilitation effects with the conventional masked priming paradigm did so with the sandwich priming. As we considered the evidence, provided by Lupker and Davis (2009) to be inconclusive for determining the nature of the sandwich priming effects, we tested their claim that a preprime presentation affected lexical competition processes. We followed the interactive-activation and competition framework and aimed to provide more evidence by keeping lexical competition present. What is more, we aimed to enhance it. We did so by manipulating what and whether anything was presented before the prime. If the presentation of the target would activate the target's lexical representation and by doing that this advantage will lead to the elimination of lexical competition effects, then it should follow from that, that a presentation of a target's competitor before the prime would preactivate the target's competitor lexical representation, which would keep and even augment lexical competition effects. The claim of Lupker and Davis (2009) was that moderately related primes could produce facilitation if lexical competition effects were filtered out. We explored whether moderately related primes could also produce priming with preprimes that clearly could not filter out lexical competition (and indeed should have the opposite effect). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
In three different lexical decision experiments, we explored the priming effects of related primes by comparing them with an unrelated primes conditions. We did that comparison with three different procedures. We used the conventional masked priming procedure in which we presented only one brief prime, that was immediately followed by a target. We also used the procedure, suggested by Lupker and Davis (2009) , in which we inserted the target's brief presentation before the prime. In the third procedure, we inserted a target's competitor before the presentation of the prime. We compared the obtained empirical results with the predictions of the spatial coding model (Davis, 2010) that were specific to the used stimulus materials.
In our first experiment, we used the original Lupker and Davis (2009, Experiment 2) stimuli and chose the closest possible competitor for each target. The results showed that the priming effects in the competitor preprime conditions for the one-and two-letter different primes were numerically larger, but not significantly different from the ones that were obtained when there was no preprime (conventional masked priming). These results did not accord with the prediction of the model of an attenuation of the priming effect in the competitor preprime condition, relative to the no-preprime condition. Consistent with the model's predictions, however, and with the reported results by Lupker and Davis (2009) , a form priming boost was replicated in the identity preprime (original sandwich priming) condition. After such a target preprime presentation, the priming effect in the one-letter different prime condition reached 59 ms. This effect was statistically different from the no-preprime condition, but not from the competitor condition, suggesting a tendency of the competitor preprime toward producing a form priming boost. With an identity preprime, a significant facilitation effect was observed when the related primes were up to three-letter different from the target, thus differing from the competitor and the no-preprime conditions.
In Experiment 2, we chose different targets that have orthographic neighbors and constructed stronger competitors for them. We chose high frequency words that differ by only one letter from the target. We expected that such a manipulation should afford strong inhibitory effects if indeed lexical competition was affecting priming results. In this experiment, all primes were one letter different from the target as well as one letter different from the competitor preprimes. All three preprime conditions produced significant facilitation. No trace of inhibition was introduced by the high-frequency target neighbors. These results stood in sharp contrast with the spatial coding model's (Davis, 2010) prediction of a strong inhibitory priming effect in the competitor preprime condition. The model's prediction suggested that in an interactiveactivation framework, the selected items were highly effective in triggering lexical competition processes in the context of the shared-neighbor primes and the lower frequency neighbor targets. Despite that, however, the priming effect in the competitor preprime condition in Experiment 2 remained in the opposite direction and did not differ significantly from the priming effect in the identity preprime condition.
With competitor preprime manipulation left aside, the results from the second experiment also showed that, although numerically 11 ms bigger, the 36-ms priming effect in the identity condition was also not statistically different from the one in the conventional masked priming condition. Unlike the sandwich priming boost in the one-letter different prime condition in Experiment 1, such a robust boost was not observed with the stimuli in Experiment 2. The priming effect was increased with 35 ms relative to the no-preprime condition in Experiment 1 and with only 11 ms in Experiment 2. Apart from being one letter shorter, the targets in Experiment 2 differed from those in Experiment 1 by having a high frequency neighbor. In addition, related primes were constructed to be neighbors of both the target and the target's word neighbor. Previous studies have demonstrated that the size of the priming effect is reduced when target neighbor nonword primes and targets share a word neighbor (Van Heuven, Dijkstra, Grainger, & Schriefers, 2001 ). These findings have been interpreted in the lexical competition framework: The explanation has been that when the prime is related to both the target and a competitor, this competitor becomes highly active and therefore influences the target negatively through the lateral inhibition mechanism in the related condition. If shared neighbors reduce the size of the priming effect even after the sandwich priming manipulation, then lexical competition, stated as a cause for decreased priming effects, is not eliminated by the preprime presentation of the target. The fact that the size of the sandwich priming boost was greater with targets that had no close competitors (Experiment 1) than with targets that had high frequency neighbors and were primed by shared-neighbor primes (Experiment 2) is consistent with the interpretation that sandwich priming does not address counteractive lexical competition effects. However, further investigation is needed before drawing strong conclusions regarding the sandwich priming boost dependency on effects such as shared neighborhood, frequency, and neighborhood size relationships between targets and competitors, and possibly target length.
Some evidence that the sandwich priming boost might be dependent on word length in a shared neighbor priming context comes from the robust priming effect obtained in the conventional masked priming condition in Experiment 2. This condition served as a baseline for evaluating the sandwich priming boost and was not significantly different from the identity-preprime condition. One apparent difference between the current study and a previous study that had demonstrated that shared neighbor primes were not effective (Van Heuven et al., 2001) was the length of the stimuli. The stimuli in Experiment 2 were six letters long, while the items in Van Heuven et al. (2001) were four letters long.
In Experiment 3, we sought to extend the findings with the three preprime manipulations and constructed the related prime condition by transposing all adjacent letters in the targets. Previous studies have shown that such primes do not differ from an unrelated condition when the original masked priming paradigm is used (Guerrera & Forster, 2008; Lupker & Davis, 2009 ). Our results were in accordance with those studies as we failed to establish a significant priming effect when there was no preprime. We also managed to replicate the significant difference between the related condition and the unrelated condition when the target was presented as a preprime that was found by Lupker and Davis (2009, Experiment 1) . More important, though, we found that higher-frequency neighbors of the target enabled the same facilitation effect as the target words themselves (in fact, even numerically bigger) when they were presented as preprimes. These results were again not in accordance with the spatial coding model's (Davis, 2010) predictions. This document is copyrighted by the American Psychological Association or one of its allied publishers.
These findings imply that the competitor preprimes did not inhibit the targets' recognition and could not be linked to lexical competition processes. On the contrary, the results from Experiments 2 and 3, in which the competitors highly resembled the targets and differed by only one letter from them, the cases in which they should produce most inhibition, they produced as much facilitation as the target preprimes did.
Like Lupker and Davis (2009) , we found that the brief presentation of the target before the primes boosted masked form priming facilitation effects and even produced facilitatory priming in cases in which the traditional masked priming procedure could not. Our results were not, however, consistent with an interpretation that the obtained facilitatory orthographic priming effects were evidence that prime sandwiching was a manipulation that operated by reducing lexical competition effects. Considering the evidence presented here, one should not view a dual-prime paradigm, such as the sandwich priming paradigm, as a superior to the conventional masked-priming paradigm by virtue of reduction of competition. Such an interpretation is ruled out by our demonstration that the orthographic effects were not reversed and followed the same sandwich pattern when orthographic neighbors of the targets were presented as a preprime.
It appeared from the data presented here that the priming effect was boosted when both the preprimes and primes reached a high degree of similarity with the targets. In Experiment 1, when the competitor preprimes were more often more than one letter different from the target, the facilitation in the competitor preprime condition was evident only when the related primes were no more than two letters different. Thus, the results in this preprime condition matched those in the no-preprime condition. In Experiment 3, however, when the competitor preprimes differed by only one letter from the target, the priming effect produced by transposedall-letter primes reached significance and was highly boosted by the presence of a preprime, regardless of whether the preprime was the competitor word or the target. We could thus infer that the orthographic priming effect produced in a sandwich priming paradigm was not a function of the similarity between the prime and the target, with lexical competition being filtered out, but rather of the joint similarity of the two primes with the target.
Such an interpretation is consistent with evidence provided by Forster (2009 Forster ( , 2013 ) that masked form primes did not produce significant priming effects when they were followed by another unrelated prime, rather than directly by the target. In his studies, Forster used a procedure that resembled the sandwich priming paradigm as it also included an additional processing event which was inserted in the conventional mask-prime-target sequence. As he explored the limits of obtaining a priming effect, his study contained different manipulations than those in the present study. Such differences include: order of presentation of the two primes, prime visibility (masked, unmasked), and prime type levels. An additional unrelated preprime served as a control for establishing the effect of an identity preprime and a one-letter-different nonword form prime. When both primes were masked (both presented for 50 ms), an identity preprime produced a significant facilitation effect relative to the control when followed by an unrelated prime, but form prime did not. Forster concluded that identity priming operated on two levels: meaning and form, with only the processes taking place on the level of meaning being unsusceptible to the effects of the dissimilar in form unrelated "intervenor." These results, and the interactive nature of the sandwich priming boost observed in the present study, suggest that a masked orthographic priming effect requires a degree of consistency in the information provided by subsequent brief perceptual events.
A possible explanation of these observations could be that the presentation of the preprime in the present study enhanced the form priming effect by providing additional perceptual evidence that was consistent with the characteristics of the target. The priming effect is a function of the total amount of information consistent with the target that could be processed in such conditions from both the prime and preprime. It follows from the preprime and prime interaction that the accumulated evidence toward the target from the preprime alone is insufficient when there are two sequential priming visual events and an additional supporting evidence from the prime is needed to produce the facilitation effect. When the prime is related to the target (and the preprime), the total amount of inconsistent information is much less (in terms of wrong letter identities, and letter positions or both) and possibly the probability that it is detected is much lower in comparison to the unrelated prime condition. Thus, the difference between the related and unrelated prime conditions becomes significant. Interpretations of priming effects in terms of accumulating perceptual evidence from successive perceptual events are also made by proponents of the Bayesian Reader framework (Norris & Kinoshita, 2008) .
Another interpretation of the results, and particularly the consistent sandwich priming boost with moderately related primes, could be described in the framework of the interactive-activation model (McClelland & Rumelhart, 1981) with mechanisms different from lexical competition. As the name suggests, this account models the process of word recognition by the means of accumulation of activation of individual lexical units (word nodes), and higher levels of activation are associated with recognition. Facilitatory priming is therefore observed when the target word's node is more active at related prime offset than at control prime offset.
A word node's activation starts from a resting level, a negative number that is specific for each word node and is a function of the word's frequency, but is typically higher than the minimum (floor) activation associated with all nodes. When an input is presented that is sufficiently consistent with the node, the node's activity increases, while with a net inconsistent input the activity decreases. Therefore, the presentation of an unrelated prime will decrease the target's activation below its resting level, eventually pushing it toward the floor.
A prime, insufficiently consistent with the target, such as a transposed-all prime, could produce a similar effect. Although more slowly than with an unrelated prime presentation, the target's activation will also decrease due to a transposed-all prime and could reach the floor level by the time of the prime's offset. In this scenario, at the time of the target's onset, the activation of the target node will be at the same starting point, the floor level, in both the unrelated prime and the related transposed-all prime conditions. Therefore, in both conditions, the target node will need the same amount of time to raise its activity to the recognition threshold. Because there will be no difference between the two priming conditions, a priming effect, measured by that difference, would not be observed.
In sandwich priming scenarios, the first event is the preprime that is consistent with the target, rather than the prime that is not. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Therefore, the target's activation will first increase above the resting level, rather than decrease to the floor level (as in the no-preprime condition). This increase could be achieved with both a target preprime and a one-letter-different from the target preprime (i.e., the competitor preprime condition). When the prime is presented as a second event, the level of the target's activation is sufficiently high to remain above the floor level until the offset of the inconsistent prime, at least in the transposed-all prime condition. In this condition, the activity decreases at a slower rate than the control due to this related prime's moderate similarity to the target. As the activity of the target will not drop to the floor level, or at least not in both priming conditions, it will be different for the two conditions at the time of the target's onset. The crucial difference between the conventional priming and the sandwich priming, therefore, is that a floor effect is observed in the former, while in the latter it is not. In conventional priming, at the time of the target's onset, the activation of the target node is at the same (floor) level in both priming conditions, while in sandwich priming, it is higher in the related transposed-all prime condition than in the unrelated one, allowing for a priming effect to occur. An interpretation as the one in the interactive-activation framework, however, considers all features of the stimuli and assumes that all information is processed in both the conventional masked priming and the sandwich masked priming conditions. Due to the additional visual event and the further processing time, however, the mechanisms involved might differ between the two masked priming paradigms and a straight comparison between the orthographic priming effects produced by both might not be absolutely informative, until more evidence is gathered about the perceptual processes that take place when two primes are briefly displayed. Interesting outstanding questions include the extent to which the preprime information is processed, and in particular, when such information is inconsistent with the other two visual events (prime and target). Such information was, for example, the inconsistent one-different letter in the competitor preprime in Experiment 3. Although the sandwich priming paradigm may not be superior to the original masked priming paradigm for the reasons stated by Lupker and Davis (2009) , it may nevertheless be informative in the exploration of bottom-up processes, early processing stages in visual recognition and capacity limitations of the processing system. A similar technique has already been employed for investigation of capacity limitations in several studies (Forster, 2009 (Forster, , 2013 . A task that could be used as an alternative to the conventional masked-primed lexical decision for measuring orthographic similarity is the same-different task, which has been proposed as less susceptible to lexical effects and more sensitive for detecting small differences in priming effects (e.g., Kinoshita & Norris, 2009; Norris, Kinoshita, & van Casteren, 2010) .
In conclusion, the present study provided evidence that the enhancement of the form priming effect produced in the sandwich priming paradigm in comparison with the conventional masked priming paradigm could not be attributed to the elimination of lexical competition processes. Rather, the results from the present study suggest that this effect has a different locus, such as bottom-up processes that operate on a prelexical level. The results from the present study thus not only question the mechanisms underlying the sandwich priming procedure, but they also provide more information about the nature and the boundaries of orthographic processing. 
Appendix A Stimuli in Experiment 1

